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Abstract 
Verifications on the achievement of programme outcomes in engineering programmes is a key requirement in the accreditation of 
such programmes. Various methods have been used to assess student’s performance, for example, through assignments, tests, 
laboratory work, final examinations and group assignment. An issue that often arises is whether the assessment methods are 
actually testing the abilities of the students, in other words, whether the tasks or questions formulated are too easy or too difficult 
for academicians to ascertain whether students have achieved the stated programme outcomes. It will be necessary to verify the 
achievement through a quantitative and systematic assessment system. This paper reports a preliminary study on the assessment 
of  the final examination questions of KJ4953 and KP4213 courses at the Department of Mechanical and Materials Engineering, 
Universiti Kebangsaan Malaysia for determining the difficulty index of examinations and how the index can be related to the 
achievement of programme outcomes (PO). For both KJ4953 and KP4213 courses in the 2009/2010 session, it is found that all 
the exams questions are appropriate to measure the programme outcomes for both courses as it can be classified as moderate and 
too hard with regards to their difficulty levels. 
Keywords: Difficulty Index; Programme Outcomes (PO); Engineering Courses; 
1. Introduction 
Milne et al. (2008) noted that formative assessment in examinations and assignments is the highest value in the 
learning process of a student. Jandaghi & Shaterian (2008) stated that examinations is one of the most important part 
in a learning process as the lecturers are able to assess each one of the students performance at the end of the 
courses. McMillan (2004) assumed that the authentic assessment involved direct examinations that test the student’s 
ability in using knowledge and experience in real life to perform a task. According to Abdul Fatah in Loon (2007), 
the results of the assessment can be converted into statistics or the easiest way is by giving a score to each one of the 
students. The difficulty level of examinations will be assessed using a formula on difficulty index and to verify the 
relations between the difficulty index and the achievement of programme outcomes. This assessment is very 
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important as it is the benchmarked to determine whether the examination questions were constructed according to 
the teaching guidelines. In future, the outcomes of this assessment can be used to improve the quality of examination 
questions in view of achieving the target of learning teaching outcomes. 
2. Literature Reviews 
Mok (1995) noted that difficulty index has been identified as one of the methods to determine the difficulty level 
in examination questions by classifying it into a three level namely easy, moderate and hard. Difficulty index is 
referred to as a comparison of difficulty in answering the same examination questions by a group of students. 
According to Sarina et al. (2007), there are two methods to determine the difficulty index in examinations. The first 
method is using difficulty index for the objective questions and the second method is for the subjective or essay 
questions. The purposes of difficulty index as highlighted by Anon (2006) are as follows: 
1. To identify the concept that needs to be taught again, upon discovering that students cannot answering 
some particular questions (hard). 
2. To identify and report the strength and weakness of curriculum parts, which can and cannot be dominated 
by students. 
3. To give feedback to students regarding their strength and weaknesses on topics assessed.  
4. To identify questions that are content bias, like the contents that being highlighted during the teaching 
session (example: giving more exercise on the topics). 
Difficulty index for the Objective Questions 
Cheang & Hasni (1998) defined difficulty index as the ratio of the number of students that can answer the 
questions correctly to the total number of the students who sit for the exams. The formula for calculating the 
difficulty index for a small group of students is as follows: 
Difficulty index = 
஻
௃   (1) 
B = Number of students that answer the questions correctly. 
J = Total number of the students who sit for the exams. 
Sarina et al. (2007) proposed a difficulty index for the bigger group. The formula considers all correct answers 
from the higher potential group and the lower potential group.  
Difficulty index = ቂ்್ା ோ್்ାோ ቃ  (2) 
 
T = Number of students in the higher potential group. 
R = Number of students in the lower potential group. 
Tb = Number of students in the higher potential group that answer questions correctly. 
Rb = Number of students in the lower potential group that answer questions correctly. 
Difficulty index for the Subjective Questions 
Scoring points for subjective questions are more flexible than the objective questions, and all the marking points 
are dependent on the lecturer’s scoring draft like 0,1,2,3 and so on. According to Nitko (2004), the value of 
difficulty index for the subjective questions can be defined as the ratio of the average total score of students to the 
range of full marks. 
Difficulty index = 
஺௩௘௥௔௚௘ ௌ௖௢௥௘
ோ௔௡௚௘ ௢௙ ி௨௟௟ ெ௔௥௞௦ (3) 
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Classification of Difficulty Index  
The difficulty index for both types of questions must have a value between 0.00 to 1.00 (Anon 2006). The bigger 
the value for difficulty index, the easier the questions will be. On the other hand, if the value for the difficulty index 
is getting smaller, it means that the question is getting harder. This is graphically shown as in Figure 1 (Anon 2006). 
 
 
Figure 1 Relations between difficulty index and difficulty level. 
It can generally be assumed that almost all of the students can answer the easy questions correctly. On the other 
hand, not all students will be able to answer tough or hard questions correctly. To overcome this problem, Loon 
(2007) proposed the classification of difficulty level for different ranges of the difficulty index and actions to be 
taken as shown in Table 1. For example, if the difficulty index is found to be less than 0.3, the questions are deemed 
too hard and therefore require modifications. 
Table 1 Difficulty index and its relation to difficulty level and actions to be taken. 
Difficulty Index Classification of Difficulty Level Modification Results 
D.I. < 0.3 Too Hard Modify 
0.3 < D.I. < 0.8 Moderate Accept 
D.I. ≥ 0.8 Too Easy Modify 
*D.I. = Difficulty Index 
3. Materials and Methods 
Data Collections  
This case study focuses on fourth year compulsory courses (Semester 1 session 2009-2010) at the Department of 
Mechanical and Materials Engineering. For the Mechanical Programme, the course that has been chosen for this 
case study is the Design Project (KJ4953), while for the Manufacturing Programme is the Automation and Robotic 
(KP 4213). Both of these courses are design-based and chosen because it has a high potential to assess the 
achievement of several of programme outcomes (PO).  For this case study, only the compulsory questions of the 
final examinations are counted and analyzed. Appendix 1 provides a general description for each one of the PO. 
Meanwhile, Table 2 shows the targeted POs that need to be assessed in exams for KJ4953 and KP4213 courses.  
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Table 2 POs achievable from the exam questions of KJ4953 and KP4213 courses. 
 
Procedure for Analyzing Difficulty Index  
In order to determine the value of difficulty index, raw materials including the answer script and all the scoring 
for every student that sit for KJ4953 and KP4213 exams are collected. The difficulty index was determining using 
the following procedure: 
i. Create one table (refer to appendix 2 and 3) that consists the scoring data of all students and put into order 
according to the number of students for every questions of both courses. 
ii. Determine the value for average score - the total scoring marks for every question answered by the 
students is divided by the total number of students that sit for the exams.  
iii. Next, the difficulty index for each of the questions is calculated using formula (3). 
4. Results and Discussion 
This case study focused on the final examination results of two final year compulsory courses only. First, the 
value of difficulty index for every compulsory question in KJ4953 course and Part A KP4213 are counted. The 
scoring data for KJ4953 and KP4213 are shown in Appendix 2 and Appendix 3.  
Referring to Appendix 2, the total number of students is 73 and the total marks are 100%. In KJ4953, the POs 
targeted are PO1, PO3 and PO12. The following is an example of calculations to determine the difficulty index of 
question 1 (Q1) for KJ4953: 
 
Total Score = 174 marks. 
 
Average Score  = 
்௢௧௔௟ ௌ௖௢௥௘
்௢௧௔௟ ே௨௠௕௘௥ ௢௙ ௌ௧௨ௗ௘௡௧௦  Difficulty index  = 
஺௩௘௥௔௚௘ ௌ௖௢௥௘
ோ௔௡௚௘ ௢௙ ி௨௟௟ ெ௔௥௞௦ 
 
    = 
ଵ଻ସ
଻ଷ  = 2.384      =   
ଶ.ଷ଼ସ
ହି଴      = 0.477 
 
All together there are seven questions in the final examination for KJ4953 and the POs that being evaluated are 
PO1, PO3 and PO12. The most evaluated PO is PO3 where it has been repeatly applied in four questions. PO3 is 
about testing the students on their in-depth technical competence in Mechanical and Manufacturing engineering 
discipline. Next is PO12 which being tested two times, in question number six and question number seven. PO12 is 
testing the students on the ability to use the techniques, skills, and engineering tools necessary for engineering 
practice in terms of project management, administration, businesses and entrepreneurships. Last but not least is PO1 
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in which is tested only once in question number one. PO1 is the programme outcome to ensure that students acquire 
and apply knowledge of basic science and engineering fundamentals in daily life. Based on the approach and 
formula described earlier, the difficulty index for question Q1 KJ4953 is found to be 0.477 which is at a moderate 
level of difficulty. In terms of PO targets and achievements, a total of 47.7% of the overall target of PO1 for 
question one was achieved by the students. In summary, the difficulty index for each question in descending order 
are Q2 with a difficulty index of 0.556, followed by Q7 with the value of 0.533, Q1 with 0.477, Q5 with 0.350, Q3 
with 0.218, Q6 with 0.213 and lastly Q4 with  a value of 0.208. According to the theory of difficulty index by Anon 
(2006), the higher the difficulty index, the easier the question will be. A smaller difficulty index indicates that the 
question is getting harder. In KJ4953, it was found out that most of the students have difficulty in answering 
question Q4 since students only managed to achieve 20.8% of PO3. This is followed by Q6 with a PO12 
achievement of 21.3%. Next is the Q3 with a PO3 achievement 21.8%, Q5 with 35.0% of PO3, Q1 with 47.7% of 
PO1, Q7 with 53.3% of PO12. The easiest questions in KJ4953 final exams is Q2 as it achieved a percentage of PO3 
up to 55.6%. 
Appendix 3 consists of the final results for every question in Part A of KP4213. The total number of students is 
36 and the total marks for the section is 40%. For KP4213, the targeted POs are PO1, PO2, PO3, PO5 and PO7.  The 
following is an example of calculations to determine the difficulty index of question 1 (Q1) for KP4213 course: 
 
Total Score = 175.5 marks. 
 
 Average Score  = 
்௢௧௔௟ ௌ௖௢௥௘
்௢௧௔௟ ே௨௠௕௘௥ ௢௙ ௌ௧௨ௗ௘௡௧௦  Difficulty index  = 
஺௩௘௥௔௚௘ ௌ௖௢௥௘
ோ௔௡௚௘ ௢௙ ி௨௟௟ ெ௔௥௞௦ 
 
   = 
ଵ଻ହ.ହ
ଷ଺  = 4.875      =   
ସ.଼଻ହ
ଵ଴ି଴     = 0.488 
 
Part A of the examination paper for KP4213 consists of six questions. For this course, the targeted POs are PO1, 
PO2, PO3, PO5 and PO7. Only PO3 being tested twice while the remaining POs were tested only once for each 
question. PO3 that have been applied to the question Q2 and Q4 is intended to test a student's level of technical 
competence in Mechanical and Manufacturing Engineering Discipline. The rest, like PO1 in Q1 is about testing the 
understanding in applying knowledge of basic science and engineering fundamentals in daily life. PO2 that applied 
in Q3 is testing on student’s ability to communicate effectively, not only with engineers but also with the 
community. Q5 is applying PO5 that ensure engineering students to utilise a systems approach to design and 
evaluate operational performance. Lastly, PO7 in Q6 is to ensure the students are having the understanding of the 
social, cultural, global and environmental responsibilities and ethics of a professional engineer and the need for 
sustainable development. The example of calculations shown above is referring to the difficulty index of Q1 at 
0.488 reflecting a moderate level of difficulty. The lecturer is targeting PO1 to be dominated by the students for the 
question Q1. Referring to Appendix 3, the percentage from PO1 for Q1 achieved by the sample of students is 
48.8%. Q2 has obtained the highest difficulty index with a value of 0.750, followed by Q3 with the value of 0.500 as 
shown in Appendix 3. Next is Q1 with a difficulty index of 0.488, Q5 with 0.479, Q6 with 0.424 and lastly Q4 with 
0.042. We found out that question Q4 is extremely hard as the difficulty index is approaching to zero. For Q4, the 
sample of students achieved 4.2% of PO3 that is the lowest ranking in the category of PO achievement. The PO 
achievement for all questions in Part A with descending order is Q2 with 75.0% of PO3 percentage, followed by Q3 
with the 50.0% of PO2, Q1 with the 48.8% of PO1, Q5 with the 47.9% of PO5 and Q6 with the 42.4% of PO7.  
By observing the results for both courses KJ4953 and KP4213 and comparing it with Table 1, generally, most of 
the questions are at the moderate level of difficulty (0.3<D.I.<0.8), as observed in questions Q1, Q2, Q5 and Q7 for 
KJ4953, and questions Q1, Q2, Q3, Q5 and Q6 for KP4213. These types of questions can be retained in the future 
without modifications. However, slightly four questions will be reviewed as the difficulty index are less than 0.3 
(D.I.<0.3). These questions are Q3, Q4 and Q6 for KJ4953 and only one question for KP4213 which is Q4. We are 
assuming that these four questions are too hard for the students to answer. But since Q4 for KP4213 has a very small 
value of difficulty index which is approaching to zero, may be due to several factors as listed below. First, the 
students are still not very clear on those topics or the topics are very new for them and secondly they still have no 
concrete fundamentals onto those topics. From here, the lecturer should be aware about the strength and weakness of 
each the topics that are being assessed. Hence, the lecturer must find a way to overcome this problem and find a 
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better solutions or methods to teach and assess the topics for the next batch of students. For both KJ4953 and 
KP4213 courses (session 2009-2010), there are no exam questions that can be classified as too easy as since the 
difficulty index for all questions are less than 0.8 (D.I.<0.8).  Table 3 provides a summary of the difficulty index of 
each question and the suggested actions as proposed by Loon (2007). 
Table 3 Summary of results 
 KJ4953 KP4213 
 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q1 Q2 Q3 Q4 Q5 Q6 
D.I.<0.3   √ √  √     √   
0.3<D.I.<0.8 √ √   √  √ √ √ √  √ √ 
D.I.≥0.8              
Modify   √ √  √     √   
5. Conclusion 
This preliminary study was conducted to determine the relations between difficulty index of examinations and 
the achievement of programme outcomes (PO) using a simple assessment system. The findings reveal that the exam 
questions for both KJ4953 and KP4213 as arises can be categorized as moderate and too hard with regard to their 
difficulty level. For questions that are categorized as difficult, ascertaining the achievement of the stated Pos are 
rather difficult. It is also observed that some of the exam questions may have more than one PO. This study will be 
expanded to take into consideration elements of discrimination index. Meanwhile, both difficulty index and 
discrimination index will be verified using reliability index and validations in order to provide more rigid findings in 
the Mechanical and Materials Engineering Department. The assessment method and programme outcomes of the 
examination will be compared to the different assessment methods, for example, group assignment which is also an 
assessment method. It is hoped that the results of this study will contribute to a more in-depth study on the level of 
achievement for programme outcomes for a particular difficulty index.  
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APPENDIX 1 Programme Outcomes. 
 
PO1 Ability to acquire and apply knowledge of basic sciences and engineering fundamentals. 
PO2 Ability to communicate effectively, not only with engineers but also with the community at large. 
PO3 Having in-depth technical competence in the specific engineering discipline of manufacturing 
engineering. 
PO4 Ability to undertake problem identification, formulation and solution.
PO5 Ability to utilize a systems approach to design and evaluate operational performance. 
PO6 Ability to function effectively as an individual and in a group with the capacity to be a leader or 
manager as well as an effective team member. 
PO7 Having the understanding of the social, cultural, global and environmental responsibilities and 
ethics of a professional engineer and the need for sustainable development. 
PO8 Recognizing the need to undertake lifelong learning, and possessing/acquiring the capacity to do 
so. 
PO9 Ability to design and conduct experiments, as well as to analyze and interpret data. 
PO10 Ability to function on multi-disciplinary teams. 
PO11 Having the knowledge of contemporary issues. 
PO12 Ability to use techniques, skills, and modern engineering tools necessary for engineering practice 
in terms of project management, administration, businesses and entrepreneurships. 
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APPENDIX 2 KJ4953 Final Results. 
 
 KJ4953 (Total of Samples 73) 
 Q1(5%) Q2 (10%) Q3 (15%) Q4 (20%) Q5 (25%) Q6 (15%) Q7 (10%) 
S1 2 3 5 5 5 2 5 
S2 2 7 0 7 15 5 5 
S3 1 5 0 3 15 5 0 
S4 4 10 15 10 20 10 10 
S5 3 8 5 2 7 0 10 
S6 2 7 8 10 15 5 10 
S7 4 10 8 10 15 8 10 
S8 5 10 12 15 20 15 8 
S9 2 7 3 0 5 2 10 
S10 4 7 0 10 0 0 5 
S11 3 3 0 3 5 0 5 
S12 3 7 7 10 15 5 10 
S13 3 5 5 10 20 7 5 
S14 2 3 5 10 15 5 5 
S15 1 7 0 0 10 5 3 
S16 4 8 0 0 10 8 10 
S17 2 5 5 0 10 0 5 
S18 4 0 0 0 0 0 3 
S19 4 10 0 0 15 5 0 
S20 2 5 0 0 5 0 6 
S21 1 5 5 0 10 5 5 
S22 1 5 3 5 10 8 0 
S23 4 5 5 0 10 5 7 
S24 2 7 5 10 10 5 8 
S25 1 5 5 0 10 0 10 
S26 3 5 0 0 10 0 7 
S27 1 5 5 10 15 0 2 
S28 4 5 5 0 10 0 3 
S29 1 7 0 0 5 0 0 
S30 1 10 8 15 20 3 8 
S31 2 10 7 5 7 0 5 
S32 0 5 5 7 10 0 5 
S33 2 7 0 0 10 3 3 
S34 1 3 0 0 5 5 5 
S35 3 7 5 0 5 2 3 
S36 2 0 0 0 5 7 8 
S37 1 5 0 7 5 0 5 
S38 2 7 0 13 20 5 8 
S39 2 6 10 5 5 10 5 
S40 1 5 0 5 10 3 5 
S41 4 5 2 3 3 0 2 
S42 3 0 8 8 0 0 3 
S43 4 5 3 5 8 5 0 
S44 2 3 0 0 7 2 5 
S45 2 0 5 10 10 5 7 
S46 2 5 0 2 10 0 0 
S47 1 7 5 7 12 5 5 
S48 2 3 0 5 5 0 7 
S49 2 8 3 7 5 0 0 
S50 4 10 3 0 10 5 8 
S51 2 0 7 10 10 5 5 
S52 3 0 5 5 5 0 5 
S53 2 5 0 2 10 0 5 
S54 1 7 5 10 12 0 5 
S55 3 7 0 0 5 5 0 
S56 4 7 0 5 0 7 10 
S57 4 0 8 8 0 0 5 
S58 2 3 3 5 5 3 10 
S59 1 10 3 0 10 2 0 
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S60 2 8 10 10 5 5 5 
S61 3 7 5 7 5 5 10 
S62 2 7 3 0 5 3 5 
S63 5 10 0 0 10 0 6 
S64 1 3 5 5 8 0 10 
S65 1 5 0 3 5 5 7 
S66 2 0 0 0 0 0 5 
S67 1 7 0 0 10 5 3 
S68 4 8 0 0 10 8 10 
S69 2 5 5 0 10 0 5 
S70 4 0 0 0 0 0 3 
S71 4 10 0 0 15 5 0 
S72 2 5 0 0 5 0 6 
S73 1 5 5 0 10 5 5 
Total Score 174 406 239 304 639 233 389 
Difficulty Index 0.477 0.556 0.218 0.208 0.350 0.213 0.533 
PO Achievements 
(%) 
PO1 (54.3%) PO3 (55.6%) PO3 (21.8%) PO3 (20.8%) PO3 (35.0%) PO12 (21.3%) PO12 (53.3%) 
*S=Students 
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APPENDIX 3 KP4213 Final Results 
 
*S=Students 
 
 KP4213 (Total of Samples 36) 
 Q1 (10%) Q2 (7%) Q3 (5%) Q4 (10%) Q5 (8%) Q6 (10%) 
P1 10 6 5 5 8 10 
P2 8 6 3 0 3 8 
P3 10 7 3 0 6 10 
P4 10 5 3 6 8 9 
P5 10 4 3 0 6 10 
P6 5 6 2 0 3 10 
P7 7.5 5 3 0 0 7 
P8 5 6 3 0 5 0 
P9 10 5 3 0 3 10 
P10 6 5 3 0 3 0 
P11 6 5 3 0 6 0 
P12 0 3 1 0 3 8.5 
P13 1 4 0 0 3 6 
P14 4 6 3 0 3 0 
P15 3 7 3 0 3 0 
P16 2 4 0 0 3 0 
P17 4 2 3 0 3 0 
P18 1 6 0 0 3 0 
P19 3 3 2 4 3 0 
P20 1 6 3 0 3 10 
P21 4 5 3 0 3 9 
P22 8 7 2 0 3 0 
P23 8 7 2 0 3 10 
P24 4 6 3 0 3 2 
P25 6 7 0 0 3 0 
P26 5 5 3 0 3 0 
P27 3 5 3 0 6 0 
P28 5 6 3 0 7 7 
P29 5 6 4 0 3 0 
P30 4 4 3 0 3 3 
P31 5 3 1 0 3 0 
P32 0 7 3 0 6 3 
P33 0 6 3 0 8 2 
P34 8 5 3 0 0 8 
P35 1 4 3 0 3 0 
P36 3 5 2 0 3 10 
Total Score 175.5 189 90 15 138 152.5 
Difficulty Index 0.488 0.750 0.500 0.042 0.479 0.424 
PO Achievements 
(%) 
PO1 (48.8%) PO3 (75.0%) PO2 (50.0%) PO3 (4.2%) PO5 (47.9%) PO7 (42.4%) 
